1 by phospholipase C activation followed by a biphasic increase of intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ). The first phase is due to IP 3 that causes the release of Ca 2ϩ from intracellular stores. The second phase is caused by a continuous Ca 2ϩ entry across the plasma membrane (for review, see Refs. 1 and 2). Depending on the cell of study, Ca 2ϩ entry has been activated either without stimulation of the receptor-G protein-phospholipase C pathway, by simply depleting intracellular Ca 2ϩ stores by treatment with thapsigargin (TG) or other sarcoplasmicendoplasmic reticulum ATPase Ca 2ϩ pump inhibitors (also known as capacitative Ca 2ϩ entry (CCE)) (reviewed in Refs. 1, 3, and 4), or without depletion of intracellular Ca 2ϩ stores, by activation of a G q -coupled receptor in the presence of inhibitors of store depletion (4 -7). Ca 2ϩ entry plays an important role in cell function. For example, Ca 2ϩ entry had been described as the mediator of G-protein independent regulation of adenylyl cyclase activity (8, 9) and is essential for development of sustained secretory responses of endocrine cells (10 -12) . Also, a primary T-cell immunodeficiency has been described in which blood cells lack Ca 2ϩ entry, although Ca 2ϩ mobilization from the intracellular stores appears to be normal (13, 14) .
Visual signal transduction in flies and other invertebrates is similar to mammalian G q -protein coupled signaling (reviewed in Refs. 15 and 16) in that light-activated inveterbrate rhodopsin stimulates phospholipase C, causing an increase in intracellular IP 3 followed by a release of Ca 2ϩ from intracellular stores and the capacitative Ca 2ϩ influx associated with activation of a Ca 2ϩ conductance. Visual signal transduction is abnormal in the Drosophila mutant trp, for transient receptor potential (17, 18) . The gene (Dtrp) responsible for the mutant phenotype was cloned (19) , and so was Dtrp-like, a Drosophila calmodulin-binding protein similar in amino acid sequence to Dtrp (20) . Sequence analysis of the open reading frames of Dtrp and Dtrp-like predicted six to eight putative transmembrane domains of which some have a limited sequence similarity with the voltage-dependent Ca 2ϩ and Na ϩ channel transmembrane segments, with the exception that the charged residues thought to represent the voltage sensors, are absent from the putative S4 of dTrp and dTrpl proteins. Electrophysiological records from wild-type fly photoreceptor shows a light-induced conductance highly permeable to Ca 2ϩ . This Ca 2ϩ conductance is absent in trp flies, leaving a non-selective cation conductance (21, 22) . When dTrp protein was expressed in Sf9 insect cells and their Ca 2ϩ stores were depleted by TG, this induced a novel Ca 2ϩ selective current (23) . Expression of dTrpl in Sf9 cells, in contrast, induces a non-selective cation current activated by stimulation of a G q -coupled receptor, but not by store depletion (23) (24) (25) (26) . As dTrp and dTrpl appeared to be related to some mammalian ion channels and are involved in Ca 2ϩ entry upon stimulation of a phosphoinositide mobilizing receptor and Ca 2ϩ store depletion, it was suggested that a vertebrate homologue of Trp should exist and that this homologue could be involved in vertebrate Ca 2ϩ entry (17, 27, 28) . In support of this hypothesis, Petersen et al. (29) identified a partial Xenopus cDNA sequence encoding what appears to be a dTrp homologue, and we, as well as Montell and collaborators (31) , located an expressed sequence tag (EST) in the EST data base that led to the cloning of full-length cDNAs encoding hTrp1 (30, 31) and one of its splice variants (30) .
Subsequently, we showed that a mammalian genome contains as many as six nonallelic trp genes and showed that the product of one, hTrp3, enhances Ca 2ϩ entry in COS cells (32) and leads to the appearance of a non-selective cation channel in HEK 293 cells (33) . The full-length cDNAs of bTrp4 (bovine CCE1, 34), rTrp4 (35) , and mTrp4 (36) have also been reported, and bTrp4 (bCCE1) and the short version of hTrp1 (TRPCA1) were shown to form a divalent cation selective and non-selective cation channels, respectively (34, 37) .
Here, we report the cloning and expression of a novel cDNA from the mouse brain, which we call mTrp6. This protein is highly similar to hTrp3. Its transient expression in COS cells increases Ca 2ϩ entry in response to stimulation of a G q -proteincoupled receptor. However, Ca 2ϩ entry due to TG treatment was unchanged by mTrp6. HEK 293 cells expressing mTrp6 in stable form display a non-selective cation conductance that is absent in control HEK cells.
EXPERIMENTAL PROCEDURES
cDNA Constructs-A library for rapid amplification of cDNA ends (RACE) was prepared from mouse brain mRNA using the Marathon cDNA Amplification kit (CLONTECH). Total RNA for RT-PCR was isolated from mouse brain using a guanidine-HCl extraction (38) . For the RT-PCR, the first strand DNA was synthesized using Moloney murine leukemia virus reverse transcriptase (Life Technologies, Inc.) with random hexamers as primers. The PCR reaction mixture contained first strand cDNA or cDNA of a RACE library, 0.25 mM dNTP, 0.4 -1 M specific primers, 1.5 mM MgCl 2 , and 2.5 units/ml Ampli-Taq polymerase (Perkin-Elmer). 30 -35 cycles of PCR were carried out in a Thermal Controller (MJ Research Inc.) set to 94°C for 1 min, to an annealing temperature between 58 and 68°C for 1 min, and to 72°C for 1-3 min, ending with 5 min at 72°C. The PCR fragments were separated by electrophoresis in a 0.8% agarose gel, extracted using the QIAquick gel extraction kit (Qiagen), and subcloned into a TA cloning vector, pCRII or pCR 2.1 (Invitrogen). The specific oligonucleotide primers used for amplification of mTrp6(nt 2337-2567) were GB1 (sense: 5Ј-AAGACACTGTTCTGGGCTATATT-3Ј) and GB3 (antisense: 5Ј-TG-CACCAGATTGAAGGGAACAGG-3Ј). For amplification of mTrp6(nt 1616 -2490), the oligonucleotide primers used were DO1 (sense: 5Ј-A(C/ A)(G/A)CCNTT(C/T)ATGAA(G/A)TT-3Ј) and GB12 (antisense: 5Ј-CCACTCCACGTCCGCATCATCC-3Ј). The oligonucleotide primers used for amplification of mTrp6(nt 677-1755) were DO0 (sense: 5Ј-AAT(G/A)TNAA(C/T)TG(T/C)(G/C)TNGA-3Ј) and GB40 (antisense: 5Ј-TGAGCATCTCCATCCATGAGAAAC-3Ј). The specific oligonucleotide primers used for primary RACE-PCR amplification of the 3Ј end of the mTrp6 cDNA were GB23 (sense: 5Ј-GACACTGTTCTGGGCTATCTT-TGG-3Ј) and AP1 (adaptor-ligated primer 1 provided by the manufacturer). The primary 3Ј-RACE PCR was followed by a nested-PCR amplification using GB14 (sense: 5Ј-ATCGGCTACGTTCTGTATGGTGTC-3Ј) and AP3 (antisense: 5Ј-GCTCGAGCGGCCGCCCGGGCAGGT-3Ј, made on the basis of the Marathon cDNA adaptor sequence (CLON-TECH)). The specific oligonucleotide primers used for primary RACE-PCR of the 5Ј end of the mTrp6 cDNA were GB47 (antisense: 5Ј-ATTGCCTCCACAATCCGTACATAACC-3Ј) and AP1 followed by a nested-PCR amplification using GB46 (antisense: 5Ј-AAAGCATC-CCCAACTCGAGACAGG-3Ј) and AP3 or using GB57 (antisense: 5Ј-TCGGGCTCTGGCTCATGGCACAGT-3Ј) and AP3.
All cDNA sequences were obtained from double-stranded DNA templates using the dideoxynucleotide termination method with Sequenase 2.0 (U. S. Biochemical Corp.) (39) . The sequences of both strands were confirmed by isolating overlapping partial cDNAs made directly from mouse brain total RNA by RT-PCR with multiple sets of specific primers derived from the mTrp6 sequence. The resulting cDNA was 3261 nt long, had an open reading frame of 930 codons preceded by 290 nt of 5Ј-untranslated sequence, terminated by a TAG stop codon and followed by 180 nt of 3Ј-untranslated sequence. The cDNA has an in-frame TGA stop codon at nt Ϫ69 (A of initiator ATG ϭ nt 1). The nucleotide sequence of mTrp6 has been deposited into the GenBank data base with accession number U49069.
Using PCR-based approaches we introduced a hemagglutinin (HA) epitope (YPYDVPDYA) after amino acid 930 at the C terminus of mTrp6. The untagged mTrp6 cDNA, a SpeI(nt Ϫ191)/end(nt 3261) fragment and the epitope-tagged mTrp6(HA) cDNA, a SpeI(nt Ϫ191)/ end(nt 3083 ϩ HA epitope) fragment were subcloned into pcDNA3 Invitrogen, to give pcDNA3-mTrp6 and pcDNA3-mTrp6(HA) plasmids. 6 cells/100-mm dish) with 10 g of pcDNA3-Trp6(HA) using the calcium phosphate/glycerol shock method of Ref. 44 . The day after transfection, the cells were trypsinized and diluted with Dulbecco's modified Eagle's medium containing 10% heat-inactivated fetal bovine serum, 50 units/ml penicillin, 50 g/ml streptomycin, and 400 g/ml G418 (Life Technologies, Inc.). Serial dilution (1:2) of the cells were transferred into 96-well plates, and G418-resistant cell clones, referred as HEK-t6 clones, were picked after 20 days, expanded, and frozen. Expression of Trp6(HA) protein in HEK-t6 cells was confirmed by the presence, in N-glycosidase F-treated cell extracts of metabolically labeled cells, of an immunoprecitable protein with apparent M r of about 100,000, that was absent in untransfected HEK cells or in HEK cells stably expressing other proteins (not shown). HEK cells stably expressing the human V1a vasopressin receptor, transfected and cloned by the same procedure as described for preparation of mTrp6-expressing HEK cells were a gift from Drs. Hamid Sadeghi and Mariel Birnbaumer.
Measurement of [Ca 2ϩ ]i-The method used to measure [Ca 2ϩ ] i was described previously (32) . Briefly, 2 days after transfection, cells attached to coverslips were washed twice with HPSS (120 mM NaCl, 5.3 mM KCl, 0.8 mM MgSO 4 , 1.8 mM CaCl 2 , 11.1 mM glucose, 20 mM Hepes (pH 7.4)) and loaded with fura 2-AM (Molecular Probes, 5 M in HPSS) for 30 min at room temperature in the dark. After washing and incubating in fresh HPSS for 30 min at room temperature to achieve de-esterification, the coverslips were inserted into a circular open-bottom chamber and placed onto the stage of a Zeiss Axovert microscope fitted with an Attofluor Digital Imaging and Photometry System (Attofluor Inc., Rockville, MD). 20 -30 isolated fura 2-loaded cells were selected and [Ca 2ϩ ] i in these cells was measured by fluorescence videomicroscopy at room temperature using alternating excitation wavelengths of 334 and 380 nm and monitoring emitted fluorescence at 520 nm. Free 6 ) were plated onto 10-cm Petri dishes as described for transfection as described above. After 40 h, the proteins were labeled and immunoprecipitated as described in Ref. 46 with modifications. Briefly, after a starvation period of 30 min in methionine/cysteine-free Dulbecco's modified Eagle's medium (ICN), the cells were incubated for 5 h at 37°C with 2 ml of the same medium containing 50 Ci of 35 S-Express Protein Labeling Mix (NEN Life Science Products)/ml followed by a chase period of 1 h at 37°C in Dulbecco's modified Eagle's medium plus 10% fetal bovine serum albumin. The cells were washed twice and scraped from the plate in the presence of 10 ml of Dulbecco's phosphate-buffered saline without CaCl 2 /MgCl 2 (Life Technologies, Inc.) and harvested by centrifugation. The cell pellet was homogenized (47) in 500 l of RIPA buffer (20 mM Tris/HCl, pH 8.0, 150 mM NaCl, 5 mM EDTA, 1% Nonidet P-40, 0.5% deoxycholic acid, 0.1% SDS, 0.1 mM phenylmethylsulfonyl fluoride, 1 g/ml soybean trypsin inhibitor, and 0.5 g/ml leupeptin) by drawing the cells through needles of decreasing gauge (20 -25) fitted to a 1-ml plastic syringe. The homogenate was incubated on ice for 30 min and homogenized a second time and then centrifuged for 30 min at 18,500 ϫ g at 4°C. The supernatant were clarified by an incubation of 30 min with 40 l of a 50% slurry of prewashed protein A-Sepharose in RIPA buffer. Prewashed protein A-Sepharose (Pharmacia) was prepared by treatment for 1 h with 25 mg/ml bovine serum albumin in RIPA buffer followed by two washes with RIPA buffer alone. After a centrifugation of 5 min, 5 l of crude ascites (containing the monoclonal antibody 12CA5) was added to the supernatant and incubated for 16 h at 4°C with shaking. The antigen-antibody complexes were separated from the mixture by incubating with prewashed Protein A-Sepharose for 2 h at 4°C. The beads were centrifuged and washed four times with RIPA buffer at room temperature and recovered each time by centrifugation. The proteins were eluted by incubation with 50 l of RIPA buffer containing 100 M HA peptide (YPYDVPDYA) (Boehringer Mannheim Biochemicals) for 30 min at room temperature. The crude ascites was prepared following methods described by Ref. 48 using 12CA5 hybridoma cells.
The eluates, containing mTrp6(HA), were treated with peptide-Nglycosidase F (Boehringer Mannheim Biochemicals) or endoglycosidase H (Boehringer Mannheim) for 2 h at 4°C in a final volume of 10 l and the samples were mixed with an equal volume of 2 ϫ Laemmli buffer (125 mM Tris/HCl, pH 6.8, 2% SDS, 20% glycerol, and 20% ␤-mercatoethanol). The proteins were separated by electrophoresis on 9% polyacrylamide gels and visualized by exposure of the dried gels to Kodak BioMax film.
Electrophysiology-Stably transfected HEK 293 cells were voltageclamped using the perforated patch-clamp technique using nystatin (49). The pipette solution was composed of the following (in mM): KOH 130, KCl 10, CaCl 2 0.5, MgCl 2 2.0, EGTA 5.0, Na-HEPES 5.0 (pH 7.2) with methanesulfonic acid (ϳ280 mosm). Nystatin was diluted to a final concentration of 25-50 M from a 50 mg/ml stock in dimethyl sulfoxide. All patch pipettes were pulled from borosilicate glass capillary tubing (Warner Instrument Corp., Hamden, CT). The bath solution was (in mM): NaCl 140, KCl 5.0, CaCl 2 1.8, MgCl 2 1.0, glucose 10, HEPES 15 (pH 7.4) (ϳ305 mosm). Carbachol (CCh) was diluted into the bath solution from a stock solution dissolved in water.
Voltage ramps were given from Ϫ80 mV to ϩ40 mV over 250 ms. Ramps were given once every 2.5 s and the membrane was held at Ϫ60 mV in the duration between. The data were digitally sampled 2 kHz and filtered at 400 Hz. Reversal potentials of evoked currents were evaluated by subtracting currents recorded during voltage ramps obtained under control conditions from currents measured after bath application of 100 M CCh. An average made from 6 to 11 consecutive ramps in both conditions was used to obtain the subtracted current-voltage relationship.
RESULTS
To identify new members of the Trp family, we used a PCRbased strategy. Alignment of hTrp1 with dTrp, dTrpl, and Caenorhabditis elegans Trp led us to design degenerate oligonucleotide primers based on conserved sequences. A novel mammalian Trp sequence, mTrp2 (GeneBank number U40981), had been identified after amplification and analysis of sequences from mouse liver poly(A) ϩ RNA by RT-PCR using these primers (17 mers). The mTrp2 partial cDNA contained a continuous open reading frame of 105 amino acids that has a similarity of 54.8, 65.4, and 61.5% with hTrp1, dTrp, and dTrpl, respectively. The mTrp2 fragment was used as a probe to screen a human heart cDNA library (CLONTECH). We identified two new sequences that appeared to belong to the Trp family. The first sequence contained multiple stop codons, deletions, and frameshifts in the region of homology. The second sequence contained a region of homology interrupted by a deletion and flanked by unrelated sequences. To identify the correct message we synthesized specific primers based on a region of the second Trp-like sequence that was conserved between the two, and, using mouse brain total RNA as template, amplified by RT-PCR a novel partial cDNA, that of mTrp6. The mTrp6 cDNA fragment had a continuous open reading frame coding for 76 amino acids later identified as codons 684 to 759 of the full-length mTrp6 (Fig. 1) . The 5Ј-and 3Ј-extensions of this cDNA were amplified using the PCR strategy outlined under "Experimental Procedures." A cDNA of 3.26 kilobases with a continuous open reading frame encoding a protein of 930 amino acids was obtained. The deduced amino acid sequence of the protein encoded in this cDNA has a similarity (identity) of 60.7% (38.6%), 85.1% (74.1%), 64.8% (43.1%), 58.4% (36.8%), and 58.5% (36.3%) with hTrp1, hTrp3, bTrp4, dTrp, and dTrpl, respectively. The hydropathy analysis indicated the existence of hydrophobic regions that could form transmembrane segments (Fig. 1B) . To establish the tissue distribution of mTrp6, a mouse multiple tissue RNA blot (CLONTECH) was probed with the fragment that corresponds to the hydrophobic regions of the protein. As shown in Fig. 1C , a 3.3-kilobase mRNA was detected in lung and, at a lower level in brain.
To determine the role of mTrp6 in calcium signaling of G qprotein coupled receptors, we co-transfected COS cells with the full-length cDNAs of mTrp6 and the M5 receptor. The M5 receptor, a G q -protein coupled receptor that stimulates phospholipase C (40, 50) , was used to identify the cells that take up cDNAs during the transfection protocol. Also, as the M5 receptor triggers the IP 3 production and Ca 2ϩ release from internal stores, its activation was used to study the role of mTrp6 in CCh-stimulated Ca 2ϩ entry. We compared CCh-stimulated [Ca 2ϩ ] i changes in cells placed in a Ca 2ϩ -free medium or in cells placed in a medium containing 1.8 mM CaCl 2 . As shown in Fig ] i similar to that seen in control cells. However, when 1.8 mM CaCl 2 was present in the medium, CCh induced a transient elevation of [Ca 2ϩ ] i to 500 nM followed by decay to a plateau level of 300 nM (Fig. 2B) . Addition of 100 M atropine, a muscarinic receptor antagonist, 5 min after stimulation with CCh, decreased [Ca 2ϩ ] i to the basal level (data not shown).
To discriminate between CCh-induced Ca 2ϩ release and CCh-induced Ca 2ϩ entry, we used a Ca 2ϩ depletion/Ca 2ϩ readdition protocol. The cells were incubated, for 1 min in Ca 2ϩ -free medium containing 0.5 mM EGTA before depleting the intracellular Ca 2ϩ stores with 20 M CCh. Once the [Ca 2ϩ ] i had returned to the basal level (3 min after the addition of CCh), 1.8 mM CaCl 2 was restored. As shown in Fig. 3 (Fig. 4) . Ca 2ϩ entry following Ca 2ϩ addition in control-transfected cells was blocked 59% by 50 M LaCl 3 and almost completely (83%) by 250 M LaCl 3 . In mTrp6-transfected cells, the Ca 2ϩ entry was blocked 22 and 70% by 50 and 250 M of LaCl 3 , respectively (Fig. 4, A and B) . Ca 2ϩ entry in control and mTrp6-
FIG. 1. Sequence alignment of mammalian Trps, hydrophobicity plot and Northern analysis of mTrp6.
A, deduced amino acid sequence of mTrp6 and alignment with hTrp1 (30), hTrp3 (32) , and bTrp4 (34) . Ϫ denotes identical amino acids with mTrp6; _ denotes gap in the sequence; * denotes putative transmembrane segments of mTrp6; and # denotes putative glycosylation sites of mTrp6. B, the hydrophobicity profile of mTrp6 was obtained according to the method of Kyte-Doolittle (73) using windows of 9 amino acids. S1-S6 denotes putative transmembrane segments and a putative pore loop is indicated between S5-S6. C, expression of mTrp6 in mouse tissues. Mouse multiple tissues mRNA blot (CLONTECH) was probed as described under "Experimental Procedures." transfected cells was partially blocked (41 and 45%, respectively) by 25 M SKF-96365 (Fig. 4, C and D) ] i increase, indicative of having been transfection-competent and thus assumed to also be expressing mTrp6. ] i increase in TGtreated cells was dependent on Ca 2ϩ entry as opposed to being due to release of Ca 2ϩ from an IP 3 -sensitive store that had not been completely depleted by the TG treatment, or, alternatively, from an IP 3 -sensitive but TG-insensitive intracellular Ca 2ϩ stores in mTrp6-transfected cells, we tested for the presence of such a residual CCh-sensitive store prior to addition of CaCl 2 . As shown in Fig. 5B , when CCh is added to TG-treated cells prior to Ca 2ϩ readdition, the amount of releasable Ca 2ϩ left in stores after TG treatment was clearly too little to account for the CCh-stimulated increase in [Ca 2ϩ ] i seen in mTrp6-transfected cells after activation of Ca 2ϩ entry with TG (as shown in Fig. 5A ). These data indicated that the Ca 2ϩ entry caused by mTrp6 in COS cells can be stimulated by activation of a G q -coupled receptor but not by mere depletion of intracellular Ca 2ϩ stores. Glycosylation of mTrp6 -An analysis of the amino acid sequence deduced for mTrp6 indicated the existence of several consensus glycosylation sites. To examine whether mTrp6 is glycosylated and hence a bona fide membrane protein, we added a HA epitope to the C-terminal end of mTrp6 and expressed the construct in COS cells. The HA epitope did not alter the increase of Ca 2ϩ entry activity induced by the transfection of mTrp6, as measured by fura 2 fluorescence (data not shown), and allowed us to isolate of the protein by immunoprecitation. To visualize the mTrp6 protein, transfected COS cells were metabolically labeled with [
35 S]Met and [ 35 S]Cys as described under "Experimental Procedures," lysed, and the lysates subjected to immunoprecipitation with C12A5 anti-HA antibody, and the immunoprecipitates analyzed by SDS-polyacrylamide gel electrophoresis and autoradiography. Three immunoprecipitated proteins migrating as sharp bands at about 112, 120, and 128 kDa, and one migrating as a broad band between 130 and 150 kDa were obtained from mTrp6(HA)-transfected COS cells that were absent in control COS cells (Fig. 6) .
Treatment of the immunoprecipitated mTrp6 with endoglycosidase H for 2 h at 4°C, an enzyme that cleaves only the high mannose containing immature glycoproteins, abolished almost completely the bands at 120 and 128 kDa, and increased the intensity of smallest 112-kDa band. However, the intensity of the broad 130 -150-kDa band was not modified. In contrast, treatment with peptide-N-glycosidase F for 2 h at 4°C, an enzyme that cleaves the N-glycosidic bond between the sugar portion and asparagine of the protein, eliminated the sharp 120-and 128-kDa bands as well as that of the 130 -150-kDa band, and increased the intensity of the 112-kDa band. These data show that in COS cells, immunoprecipitated mTrp6 protein is glycosylated. However, as determined by the treatment with endoglycosidase H, only part of the mTrp6 protein is fully processed by the Golgi apparatus, with much of the protein still carrying the high mannose carbohydrate found on proteins before they leave the endoplasmic reticulum.
Measurement of Agonist-activated Ionic Current in Cells Expressing mTrp6 -The results thus far suggested that activation of cells expressing mTrp6 through a G q -coupled receptor, such as the M5 muscarinic receptor, results in activation of a Ca 2ϩ -permeant ion channel that participates in the Ca 2ϩ entry. To test this hypothesis more directly, we raised HEK cells expressing mTrp6 in stable form (HEK-t6 cells) and examined these cells for the presence of an ion conductance not present in control cells. Cells were plated onto coverslips, placed on the microscope stage in external bath solution, and patched using the perforated patch technique of (49). We found that HEK-t6 cells indeed display a current in response to activation of endogenous muscarinic receptors that was not seen in untransfected control cells or in HEK cells obtained by the same procedure but stably expressing the human V1a vasopressin receptor (not shown). Fig. 7 shows current-voltage (I-V) relationships from a mTrp6-transfected HEK-t6.11 cell in physiological ionic concentrations before and after bath application of CCh (thin traces). The large outward currents at potentials more positive than about Ϫ20 mV resulted from endogenous voltage-dependent conductances and were present in both control and cells expressing mTrp6. Subtracting the I-V relationship recorded before the addition of CCh from the CCh-evoked current gives the net current evoked by agonist and presumably mediated by mTrp6 (Fig. 7, thick trace) . Under the conditions used, in which nystatin creates non-selective cation channels in the patched membrane (49), the evoked current was roughly linear over most of the voltage range examined and had a mean reversal potential of Ϫ1.1 Ϯ 3.2 mV (S.E., n ϭ 4). The fact that the current reversed at 0 mV, together with the fact that the nystatin channels giving electrical access to the interior of the cell are impermeant to anions, indicates that the conductance underlying the CCh-evoked current in Trp6 cells is mediated by non-selective cation channels. DISCUSSION We have previously shown the existence of six Trp-related mammalian genes and that expression of two of these genes in COS cells increases agonist-stimulated Ca 2ϩ entry (32) . Direct participation of a Trp protein in mediating Ca 2ϩ entry was inferred from the finding that the combined expression of partial antisense cDNAs of the six murine Trps led to loss of agonist activated Ca 2ϩ entry (32) . Based on these findings we proposed Trp proteins to be subunits of Ca 2ϩ entry channels and that different Ca 2ϩ entry channels could arise either from formation of homomeric or heteromeric complexes formed of single or several Trp units and possibly other as yet unidentified regulatory or ancillary subunits (33) . In the present report we describe the cloning from mouse brain of the full-length cDNA encoding another Trp, that of mTrp6. Like hTrp3, when expressed in COS cells, mTrp6 enhances agonist stimulated Ca 2ϩ entry. As deduced from the cDNA, mTrp6 is likely to be a protein of 930 amino acids. It is related to the other Trp proteins, being very (85%) similar to hTrp3 (32) and less so (58 -65%) to hTrp1 (30) , bTrp4 (also bCCE, 34), dTrp (19) , and dTrpl (20) . The mTrp6 protein, as do all the other members of this family, contains a hydrophobic core that may form six transmembrane segments and have a pore forming region, as proposed by Phillips et al. (20) . Consistent with this idea and the transmembrane topology proposed for hTrp1 (also hTPRC1, Ref. 31), mTrp6 contains 2 putative glycosylation sites (amino acids 472 and 560) of which one or both are glycosylated as shown by the fact that mTrp6 is a glycoprotein.
We (32) and by others to analyze participation in store depletion-activated Ca 2ϩ entry of an alternatively spliced form of hTrp1 (37) and bTrp4 (34) . All previous studies concluded that mammalian Trp proteins participate in store depletion-activated Ca 2ϩ entry. However, we now find that mTrp6 is insensitive to store depletion, under conditions were its activation by the receptor-G q -phospholipase C-IP 3 pathway was very evident (Fig. 5) as seen by the fact that CCh was able to stimulate an increase of [Ca 2ϩ ] i over that evoked by an essentially complete TG-induced depletion of internal stores in mTrp6-transfected cells.
The expression of Drosophila Trp-like (dTrpl) in Sf9 cells has been reported to induce a Ca 2ϩ entry that is activated either by an IP 3 -dependent mechanism (25) or by a G␣ 11 -protein (26), but not by depletion of intracellular stores (23) . In contrast, the expression of dTrp in Sf9 insects cells was found to induce a novel Ca 2ϩ entry that could be activated by TG-stimulated store depletion (23) . Electrophysiological analysis of stably transfected CHO cells expressing hTrp1 (37) and of HEK-293 cells stably expressing bTrp4 (34) showed a novel Ca 2ϩ -permeable current activated by treatment with TG. In a previous study with hTrp3, we had found that in COS cells, this protein causes an increase in the TG-induced Ca 2ϩ entry, that on the whole was less than the effect it had on CCh-induced Ca 2ϩ entry (32) . Thus, in spite of its high sequence similarity to hTrp3, mTrp6 appears to differ in that it is insensitive to TG-induced store depletion. As such it resembles Ca 2ϩ entry obtained in cells in the absence of store depletion by mere activation of the receptor-phospholipase C␤ signaling cascade. Such, store depletion-independent Ca 2ϩ entry was first seen by Fasolato et al. (5) in heparin-loaded rat mast cells stimulated with the compound 48/80, which activates phospholipase C␤ trough a pertussis toxin-sensitive G protein (59) . Stimulation of Ca 2ϩ entry by G q protein-coupled receptor agonists after intracellular Ca 2ϩ store depletion by inhibition of the sarcoplasmic endoplasmic reticulum Ca 2ϩ pump is not restricted to macrophages as it has also been shown in hepatocytes and Jurkat T cells (6, 7) .
The mechanism(s) that activates Ca 2ϩ entry, and hence the channels formed with the participation of Trp6, is (are) still unclear. Many signaling pathways have been proposed to regulate Ca 2ϩ entry (2, 33) . Some of the proposed pathways that may activate Ca 2ϩ entry are direct activation by a G-protein subunit (26, 60) , a protein-protein interaction with IP 3 receptor (2, 61), an IP 3 -dependent mechanism (25), a phosphorylation by protein tyrosine kinases (62, 63) , a dephosphorylation by cellular phosphatases (64, 65) , and through the actions of other second messengers such as cGMP (66, 67) , arachidonic acid (68, 69), calcium influx factor (70, 71) , with or without the involvement of a small G-protein (5, 72). As we have found six mammalian Trp-like genes (32) , it is easy to envision that each of them may form a distinct type of Ca 2ϩ entry channel each with its own activation and regulation signal. In fact, it has been shown that Ca 2ϩ permeable channels are quite diverse when compared in various cell types. Some are activated by stores depletion and some are not (for review, see Ref. 4) . Based on the fact that Trp proteins can form heteromeric channels, very likely tetramers, it is easy to visualize a large family of tetrameric channels formed by the combination of 6 Trps, which is the number of non-allelic genes we currently know about. There could of course be more.
In conclusion, we have shown that the expression of mTrp6 in COS cells caused an additional increase of Ca 2ϩ entry over the endogenous increase upon agonist stimulation but not upon depletion of intracellular Ca 2ϩ stores, and that upon stable expression in HEK cells, mTrp6 contributes to the formation of a novel non-selective, Ca 2ϩ -permeable ion channel. We do not know whether either the Ca 2ϩ influx seen in COS cells, or the channel formed in HEK cells form naturally or are driven by the expression system used, especially if the channels are heteromeric in nature. The natural Trp6 containing channels may form in conjunction with a Trp that is not expressed in either COS cells or HEK cells. Likewise the mechanism by which mTrp6 is activated is still unknown. We expect that the cloning of mTrp6, as well other members of the Trp family, will help the eventual identification not only of the structure and the subunit composition of Ca 2ϩ entry channels but also of which signals activate or regulate Ca 2ϩ entry activity.
